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ABSTRACT 

Experiments wen* run to siudv depressurization ot water containing various 
concentt at ions of dissolved nitrogen gas, the primary case being room tem- 
perature water saturated with nitrogen at 4 Ml’ a. In a static depressuriza- 
tion experiment, water with very high nitrogen content was depressurized at 
rates t rom 0.04 to O.aO MPa pei second and photographed with high speed 
movies. The pictures showed that tin* Mibble population at a given pressure 
increased strongly with decreasing depressor i . at i on rate. Bubbles rarely 
appeared betote the pressure reached VJ2. Plow experiments were pe r- 
tormed in an axisymmetric converging diverging nozzle and in a two- 
dimens i on.*. 1 converging nozzle with glass sidewalls. Depressurization gra- 
dients were roughly 0.5*10-’ to 1.2*10’ Ml’a per second. Both nozzles ex- 
hibited choked flow behavioi even at nitrogen concent rat ion levels as low 
as 4 percent ot saturated. Ihe t 1 ow rates were independent ot concent ra- 
tion level and could be computed as incompress ib le water t low based on the 
ditlerence between stagnation and throat pressures; however, the throat 
pressures were signi t i cantlv dilterent between the two nozzles. 


NOMENCLATURE 

Cjj discharge coefficient, dimens ion less 

Cm nitrogen concent rat i on in the water reterenced to l atmosphere pres- 
sure and 23 C, cc/g 

C flow rate, g/cm“-sec 

P pressure, MPa 

1 temperature, K. 

t time , sec 

P density, g/cm 


Some ol this material was previously presented in a report to the 
p .S . Nuclear Regulatory Commission, November 147/'. 
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were a 30-liter high pressure storage vessel and a 3-liter high pressure 
viewing vessel The system could be operated up to 4.0 MPa. Nitrogen was 
dissolved into the water, while in the storage tank, by bubbling nitrogen 
gas through the vessel from the bottom under pressure. The flow was con- 
trolled by a metering needle valve and the pressure controlled by a back- 
pressure regulator The flow rate was set at a level to assure a contin- 
uous flow-through of gas. After some desired bubbling time the water con- 
taining dissolved nitrogen was transferred to the viewing vessel using a 
small pressure differential, on the order of 0.07 MPa or less. During the 
transfer the water passed through a removable bottle of approximately 
12 cc capacity This allowed drawing a high pressure sample for nitrogen 
content analysis. 

internally the viewing vessel was approximately 15 cm in diameter and 
29 cm high. The measured volume, including the window penetrations, was 
close to 5.0 liters. The viewing window was 6.5 cm in diameter and was 
located approximately three-lourths of the distance from the bottom. The 
pool was illuminated through a similar window in the top of the vessel. 

The internal components are shown in figure 2. The wire mesh cylinder 
was used to promote gas nucleation sites The probe to the far right was 
a Chromel-Cons tantan thermocouple. The L-shaped probe was used to mark 
liquid level. The pointed tip was located at the 90 percent full level. 
The ladder shaped device was used for dimensional reference. The rungs 
alternated in diameter, with the top one being 0.25 mm and the next one 
0.51 mm and so on down. They wete spaced 0.50 cm apart. 

Flow Rig 

The flow tig was a modification of a facility used extensively for exper- 
iments in two-phase choked flow of sub cooled cryogens [2]. A schematic 
of the essential features is shown in figure 3. The main flow setup con- 

8 up to 10 MPa; 

an oritice flowmeter; the test section; a back pressure control valve; and 
a weigh tank. Nitrogen gas was bubbled in through the bottom of the tank 
and controlled with a back pressure regulator. During flow nitrogen gas 
pressure was maintained on the top of the vessel from a high pressure 
bottle fa^m. Because the main tank was small, a 375-liter storage vessel, 
in which additional water could be saturated with nitrogen gas, was added 
to the system. 

The test sections used in the present experiment are shown in figures 4 
and 5. Figure 4 shows a conical axisymmetric converging-diverging nozzle 
used extensively in the cryogenic experiments [ 2 J . Nine of the 15 pres- 
sure taps were used in the present experiment. The throat region had a 
constant area section which was 3.2 diameters long. Figure 5 shows a 
visual test section which was designed for use in this experiment. It was 
made by taking a conventional commercial high pressure sight gage and re- 
placing the centerbody with the one illustrated in figure 5. In addition 
tc its visual characteristics the essential features of this test section 
were the line r converging pressure gradient and the abrupt area change 
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at t ho oxlt ot the minimum area tegion. The minimum area or "throat" re- 
gion had a length ot constant cross-sect ional area which was one channel 
height Long. the gasket sealing the glass sidewalls to the centerbody was 
trimmed slightly to achieve a better view ot the edge. This gave the 
throat region a slight 1 -shape. There were nine pressure taps located 
axially along the nozzle as shown in tiguie >. 

Inst i umen t at i on 

Pressures throughout were measuied with strain gage transducers. The 
pressure lines were not bled. I'omperatures at the inlet and outlet of the 
flow test sections were measuied with platinum resistance thermometers. 

In the flow rig the mass flow rate was measured with a calibrated orifice 
lust upstream ot the test section, and was checked by weighing the flow 
d i scharge . 

Hie photographic data records were obtained by use ot movies. In the 
st <tic depressur i/ut ion l.r ilitv two cameras weie used simultaneously, 
one running at real time (J* pictures per second, pps) and one running at 
200 ot 400 pps depending on the rate ot t he transient. The light was 90* 
to the viewing port As the transient progressed the bubble population 
significantly changed the lighting. Both cameras were equipped with auto- 
matic exposure controls. In the flow tacility the pictures were taken 
with a nigh speed camera operating at 9000 pps and an exposure time of 
1/2 ,000 ot a secoini. Ihe lighting was t tom the rear through the test scc- 
t i on . 

t'as Content Analysis 

Ihe nitrogen content ot the water was determined as follows. First, the 
high pressure sample in the 12 cc bottle was discharged into a known 
volume which had been evacuated. Tin chambers were sized so that the 
t inal equilibrium pressure would he neat atmospheric pressure. The volume 
el nitrogen discharged was computed from the tinul pressure by the ideal 
gas law. A correction was made lot the partial pressure ot the water 
vapor. Ihe sample was then sent to the chemical analysis laboratory to 
measure the residual nitrogen content. The final result was expressed as 
the number ot cub i > centimeters of nitrogen measured at 25° C and l atmos- 
pheie contained in 1 gram ot water (cc/gra). 


RESU1 rs 


1'ime Scale ot the Experiments 

Thi' ' vo experiments had signitic mtly ditferent time scales. In the 
-t 1 . depressur i zat ion experiment the average depressur i zat Lon rates 

ragged t rom about 0 1 to 0.3 MPa pet second. In the flow tests the com- 
bination ot steep pressure gi idients and short residence times produced 
average depressurizat ion t iles on the order ot O.axLO^ to 1.2^10' MPa 
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per second. This three ordei ol magnitude greater rate is more in line 
with the rate one might expect in a typical emergency core cooling system 
C i CCS > of a pressurized water reactor (Plv'R). Typically, the ECCS water, 
presumably saturated with nitrogen, discharges through about 8 meters of 
23 cm pipe before joining the large 'b cm diameter cold leg pipe. A rough 
estimate ot the maximum depressurization rate in tins pipe is 7.0vl0^ MPa 
pei second. 


We can see that we should look more to the flow data to make a realistic 
interpretation ot the nitrogen release phenomena. On the other hand, be- 
cause ot the very short time scale, it was very difficult to obtain de- 
tailed mechanism information from the flow tests. The static depressuri- 
zation tests were useful in qualitatively evaluating the variables. 

Static Depressurization ResuJ t s 

The static depressurization tests reported herein were all conducted with 
distilled water at room temperature (approximately 22" C) and an initial 
pool pressure of 1.8b MPa. A parametric array ol gat bubbling times (i.e., 
gas concentrations^ and depressurization rates were examined. The depres- 
surization rates were nonlinear (nearly exponential) and are reported 
herein as the time it took the system to depressurize to P 0 /3. (The av- 
erage rate in this process is approximately -2P 0 /3t.) This time to P 0 /3 
ranged from 3 to 10 seconds in these tests. Nitrogen gas was bubbled 
through the water prior to depressurization for six different periods 
ranging t rom 1 to 28 days 

It was clear from the gas content measurements that it was not necessary 
to bubble the nitrogen through the water for such long periods to achieve 
high concentration values. Bubbling times ot 3 to b days seemed more than 
adequate to bring the water to very large, near-saturated gas content 
leve 1 s . 

On the other hand, as one might expect, there was a general trend of in- 
c leased gas content with increased bubbling time. For example, after 
12 days bubbling the nitrogen content was measured to be 0.57 cc/gm and 
at 28 days it was O.bl cc/gm Unfortunately, the data scatter in the gas 
concentration measurements was comparable to this ’ percent trend. Since 
the measurements for both bubbling times were at or above the published 
saturation value ot 0.57 cc/gm, it was felt that the 28 day soak repre- 
sented a fully saturated pool ot water. 

In addition to the nitrogen content, the variable ot main interest is the 
rate ot depressurization ol the pool ot water which has been saturated 
with nitrogen gas. As explained above this was expressed in terms of the 
time to depressurize to P , 3. In figures b and 7 smgle frames from the 
depii iiization movies are arranged in arrays to show the influence of 
do: a uti.-.it ion times on bubble population. Figure 6 shows the results 
for room temperature water saturated with nitrogen at O.bl cc/gni (28 day 
bubbling time 3 which was depressurized from an initial pressure ot 
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'.So MPa Hu' tigure show.-- tin' bubble population .it tlvo pressure levels 
during transients at tout ditto font times to depressurize to 1’ 0 t. Fig- 
ure ’ i;; an idont leal .u i.i' ot phot ogi aphs ti'i water with a nitrogen con- 
oentiat l on ot 0. ’ ’ oo gm 1 1 dav bubbling time whleh is 0 ' percent ot 
tin' maximum . ceiage value' 

It is o loai from both t inures that the tnt luenoe on bubble population ot 
tin* ti e to depressur l ze to 1’^ ; is strong, ospeolally tt the watet is 
not tul 1 v satin ated with gas Hie general trend, that bubble population 
increases as depiessut i at Ion tale decreases, is obvious. It should be 
noted that in both tiguie- tin ptessure in the tirst row is already down 
to \\ line- wo can see that , even though the watet was saturated or 

nearlv saturated with nitrogen at \\ , then' is veiv little bubble evolu- 
t i on whi'it the p res sui e has dropped to halt ot its original value, by this 
t t me tin' watei is highly supersat mated with nitrogen. Recall that these 
depti'ssui i at t ui tati's ate very slow b\ teaetoi standards. When the bub- 
bles do begin t.’ come out t e\ do not explode out as can be seen by the 
ileptessui i . at toil sequences . 

It tin' nit togen content is so evhat less than satuiated yttg. the delay 
in initial bubble evolution is taiily strong. i't i.iuse , since the total 
nit togen content is only slightly lower, the mini bubble populations will 
be si tiu l at (see both ti gut os at 1’ 0 ld^. 

Vho maJoiiiN ot the bubbles which appeal in ligures b and ‘ are tul l y ma- 
tured t’.i growth lot that pressut e level. 1‘liov were lormed in the lowet 
tall ot the vessel .rad lose into view. 1'liev are quite small tanging trout 
about 0. . to l.d nuv. in dlaietet with the vast majority more unitormly 
g t oupod at ouud 0 . J t d . * mm. 1 hose est ittiaies are based oil comp.it Isons 

. . 

ice . i isverydiffi 

i'ii 1 1 o see .'Ocause oi a i gh p pulation; ;,-ur\i' t . soitk' latgo bubbles o t 
J t.' ; ww.\ size did i.peat but th. v wore a .mall per cent age ot the whole. 
iem t illv the bubble in view \.ote rougaly the same size independent ot 

. . 

; i tie between being termed and eeing seen and the associated pressure .lit 
totential should be toughlv constant. Tins suggests that the bubble forms 
at about the same si. e independent ot the watei pressure. Vhus at the end 
ot t no ' lansient tlieri' should be a spectrum ot bubble sizes with the bub 
bios lot od early at high pies .me having grown large and the newly termed 
bubbles remaining .mall. Vue re va • very little, almost no, bubble coalos- 
ceiiu i'\i'ti at low p re .'.sure when the bubble population was very high. Vho 

. 

w indow i ini. 

\v it i lu'tc taken to assess the tutluence ot settling time between 
i i; : «. ot the watet ! tom the storage to t he viewing tank and the depres- 
sia ton transient lot t no data discussed so tat this was normally 

■ 

,'oweu't . one ot data were taken where t lie viewing pool was allowed to 



Sit I'U'lll' ;Vlt , .tpp ls'\ i VI t i’ 1 \ V UHII • , .1 t t s' ! tt.lUSts’l .uni bets' IV sis'pts'S 

sui i .* .it i on . IHtring this t i :ii' bubbles WsuiKi begin ti' slittuse suit s't Ss'lu- 
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vM tap watet th.it hits been .ill.'wi'h (.' sit lot sons' time. Hie depressuri 
..it ion ti.msu'nts wvtv alw.ivs at t as* sKn.iv.t t at s' , U' soc to l\, ?. Bub 
hies t s't mo vl much oat 1 loi in tiu- transient but not in groat quantity. By 
the time tin' pressure was down to \\ y ?, tot example, tlioro seemed t»' be 
little ditterenee in the bubble density compared to the shoit sett line, 
t i UK* tuns. It seems these prematurely totnx'd bubbles had only small itt- 
t lueiuv on the ovetall bubbli- ps'pu 1 a t i s'ti . 

Flow ritroueh \o.-/le Kesults 

_ . C. 

Aita wort' ac»;ui tee. tot t ae eonieal a\i s siitme t t u eonvet ging d i vet ging 
stainless .-.feel tnv.'U' itig. and the two dimensional es'nverglng visual 
no.*.*le (tig *''. The watet was deionised tap water. 

Hie ptessute .1 1 s t •. t nit t oils tiuoui.t the Cs'nverging diveiging no/.*le ts'i 
three ditterent e.unent t at ions ot \. ate shown m t unite 8. Figure 8 has 
each ot the tiueo sets ot data sat tied sligatlv on the ordinate so that 
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The no.-.- lo was calibrated in a tlow calibration laboratory and the asymp- 
totic Cp was tonnd to bo 0. u *n. The agreement between the maximum flow 
rates and the above approsimat ion is excellent. I'll us although the tlow 
was choked the tlow rate can still be computed in the above situation by 
treating it is a discharge ot all liquid into a l -atmosphere reservoir, 
litis is consistent with the results of Honr\ and Cha [ l] , who tonnd little 
difterence in blowdown times waethet the watet was saturated or not. This 
result, however, should be treated as lighlv empirical and applicable only 
to situations comparable to the one above. The above equation should 
apply it the minimum flow arc is > cur earl\ in the tlow passage; it the 

... ow area is quit* ■ ; 

part icular ly , it the minimum area is substantially smaller than any other 
cross-sec t ! on . 


The data taken in the two-d imens t on a l visual no.-.cle present a mote complex 
picture. I’he physical const t aints ot the visible channel made it necessary 
to provide tairly small entrance and exit passages to the test section. 

Hie tlow area in these passages was only on the order ot J . > times the 
minimum (throat! area ot t he tuvcle. The small passage at the entrance 
caused a large pressute dtop between the tank and the test section (approx. 
1 . 0 MPa at the •* . J MPa level!. ihus the fluid pressure entering the test 
section was already J ' pet cent »elow saturation. At no time did any bub- 
bles appeal in this test section entrance region. 


ihe pressure protiles in the visual no. vie are displayed in t igure 10 in 
the same mantlet as t'a .e m t te C 1 ! no. - le in t igure S. In general , the 
same tematks and cotu lusions apply here. The flow acts choked. Signiti- 
cant back pressure changes van be made with no upstream ettect. The pro- 
. 

some significant dittctetices exist. first, the "throat" pressures are 
approximate In an ordet ot magnitude higher, and they are a little bit dit- 
terent 1 1 ora run to run (0 >3 MPa in the r'y , 0.0J cc gm case and 

0.O' MPa in the saturated case! Second, a liquid cote lets intv' the 
ibiupt area change region downstream ot the "throat." l'bird, t ho flow 
downstteatn ot the "thtoat" is cleat ly not one-dimensional . These later 
two effects v - m bv' seen in the mov ies v't the tlow. 


Figute l l shows prints v't sclectv'd frames ot movie photographs ot the t low 
dischat ging through this no/clc taken .it about ^000 pictures per second 
t pps ! . The lUjuid jets are seen beyond the tiuoat, in the expansion 
teg n, md g.is begins tv appeat along the edges v't the jet ftig. ll(b!). 
Tin.;-. ■ this ,-ase with the abrupt area change, it may be incorrect tv' 

imei; tne pro sure moasuiee .it tile no.-.* le "throat" .is being related 
tv' ttte pressure v't nitrogen ti'le.ise. This is in contrast tv' the c’-P no.r- 
. le wnete tlu aitrogen i •• assumed tv' be released at the throat. The jet 



somet ines attached to tin' right wall .mJ sowti::vs tv' t hi' left fmere otton 
to tin' left l . In anv ^ivon run tt did not bouttii' back and tortli. It 
I'tn'sr a wall and stayed there. l'he point ot attachment did oscillate 
.* I ; - 1 l \ axially but was roughly at the second • 'wnstream pressure tap. 

iho pressure tap- were on the lett. Notice in figure 10 usually the tirst 
pressure downstream ot the tlitoat is quite a bit lower, then Jumps to a 
voi\ li i gh value and stalls dropping ott again all in a constant area 
region. Vhis would be consistent with the jet impacting the second tap. 
in one case in tigure 10 the downs t re a;", pressures were virtually constant. 
In that run it was observe, vtsuallv that the jet at tached to the right 
side, opposite the piessute taps. \1 though it i:- obvious the I low is 
highly t wo-d ir.ens i ona 1 downstream, it is not cleat what this says about 
too nitrogen lelease p essute, since all the pressuics measured are quite 
it ; g illative to the d-D tv K dig;. : e 11 makes it verv clear, however, 
that gas is coming out oi solution. .'he overall pressure level is two 
orders above the vapoi t. a; ion pti -sure. 1'lie amount ot gas produced appears 
t.' be proportional to the concent t at i on ot dissv'lved nitrogen in the water. 

i'ne choking in tais case could be occui i ing in the exit passage ot the 
test section watch is ab. ut ' times t e t low area ot the "throat." Fit at 
tiie tlow is choixoci is cleat : rein t to large variation in back pressure hav- 
ing in' ettect v'ti the tiov rate ot pressure d i st r ilmt ion yc.t., tig. 101. 

Hie data do not necessarily indicate the point ot choking. l'lius , it is 
possible t.' drop the pressure 1 ov enough at one constriction t o cause 
nit logon re lease and then nave choking occui somewhere else downs t ream at 
a somewhat large i cons t t t cl i on . t the steady -state case the distinction 
ot the local » on e : c tok inf. is o re 1 \ a tine point in the st udv . since t ae 
: 1 v'w can be c.'mputed on tie basis ot that tirst pressure drop. In the 
transient blowdown case the consequences at.' not so clear. 1 he t low rates 
based v'ti 


tv>i tin- two cases in figures 1 uO and 0'^ i c . t . , tig. 10^ are 'Itu) and 
' 'd g cm- sec one , respect i ve 1 v , w it oh are t n good agreement with the 

data. .ae t 1 ow i ate data t rom. both no.olos support the conclusion that 

tho tlv'w can be computed as an incompress ib le all liquid tlow based on the 
ere- -nio diop 1 1 om st agnat ion region tv' t e no.*.*le throat . Unfortunately , 
t e two no. - U'-- alsv' o t t e t no guidanc.' as tv' wiat t lis "throat" pressure 
Will bo . 

Nuc leal i on 

'.esc . \pi r i v.; - dv' not v . e 1 d c.otai; • on . e gas nticleatien mechanisms ; 
aowi'wt , some genet al re -.arks e an be ma vie t ron the results ot t he two ex- 
;x' r ents. While it is not obvious t rom a single l rami' such as in tig- 

o. • . • md . the static depressui i cat ion movies indicate that the bub - 

g mated ' to- the vial sut tacos especially the cvlindrical screen. 

. e bui'b 1 v's -laintaiit a cvlmdiica! pattern as they rise in t he poel. From 


10 


some os tne t tank’s ot figures o and it appears that bubbles are also 
originating on tne ladder saaped device and on the walls. Frequently 
in the depr essut t at ion transient just before Identifiable bubbles would 
appear the window would get cloudy, like a tilm lormtng on the window. 

It is not clout whether t;ns was related tv' nueleation since bubbles never 
grew 1 r ora the windows but it did seem to signal a change. 

Similarly, in the t low experiments the bubbles appear to be nucleating 
from the edge ot the noccle throat walls ftig. lllb>>. Again, watching 
the movies is much more informative than viewing a single frame. Unfor- 
tunately, even at °iH'0 pps the action could not be adequately stopped to 
identitv individual bubbles. 

I'he literatute is not veiv helpful in this area. Mcsi ot the work on dis- 
solved gases has tecused on the influence of the gas on \ ..per i cat i on ot 
the liquid and generally the concent rat i ons are low [ 4 — «■* ] . Solutions for 
bubble grow tir iatc which cover a wide concent rat ion range, such as the 
work ot hpstein and I'lessot l assume the gas concent rat ion stays con- 
stant relative to satuiation whica is not the case in the depressurization 
experiment. ihe equations will have tv' be reformulated to include the 
growth rate due to pressure change as well as diffusion. This in turn 
will requite a way ot estimating, the initial gas volume of the nuclei, 
rite present experiments ottet enlv end point checks on these eventual 
calculat ions . Hie analysis will also have to agree with tin* tact that 
in the t low experiments the no.* cl* throat pressure was independent ot gas 
concentrat ion. 


SUMMARY AND UONt/U’S IONS 


ihe experiment had two ma/or components: a static depressuric.it ion exper- 

iment and a t 1 ow th tough a pressure gradient experiment. In the static 
depressurization experiment nitrogen was dissolved into water by bubbling 
the gas through under high pressute, '.S' MPa , tot a period ot from 1 to 
JS days. I'he nitrogen laden watet was .hen depressurized at rates ranging 
from 0.09 tv' 0.50 Ml’ a second and the transient was recorded using high 
speed movies. in the t lew experiments the water containing dissolved 

, 

and iiiga speed movies were recorded. Pressure changes were in the order ot 
O.'MO'' ; o l.J'10' MPa second, about three orders greater than the static 
tests and mote lealistic in terms ot potential application of the results. 


i'he static for non t low > test results, despite a relatively slow transient 
yield some inter* sting intermat ion on the process. Starting from the same 
initial pressure, it can generally be said that at any given pressure 
level in tiu transient there will oo more bubbles present the lower the 
dept .••>uri cut ion rate and tie longei the bubbling time. I'he rate effect 

ong. At th< est rate, 0, 

. e cases t< ich P P 0 ■ 0,20 without 

. 



bubbles were routinely present at P/P 0 ■ 0.30. Although the concentra- 
tion measurements did show t airly short times to near saturation, it was 
possible to continue to add small quantities ot dissolved gas to the water 
by bubbling ovei long periods. It the nitrogen concentration was slightly 
below saturation, the initial bubble evolution pressure was substantially 
lowe r . 


The static tests also yielded some detail on bubble size. In general the 
mature nitrogen bubbles are quite small, on the order ot 0.1 to 1.0 mm in 
diameter with the major population more towards 0.23 to 0.50 mm. Bubbles 
lormed early in the transient could grow to 2 to 3 mm. Bubbles tended to 
reamin distinct and did not easily coalesce, even when the bubble density 
was very high. 

The flow of nitrogen saturated water can be clearly shown to choke. In 
fact, it is not even necessary fot the water to be saturated. Choking 
appeared to occui with concent rat ions as low as 4 percent of saturation, 
it was possible to vary the back pressure in the nozzle a factor of 10 and 
not affect the flow rate or pressure profile upstream of the throat. In 
the converging-diverging nozzle the throat pressure was very low, less 
than 1 atmosphere. A side result ol this was that it was possible to com- 
pute the flow rate assuming all water flow through a nozzle with AP • P 0 . 

In another nozzle, however, the results were somewhat difterent. The noz- 
zle was a converging nozzle with an abrupt area change at the "throat," 
and had glass sidewalls tor visual capability. As above, with the water 
saturated, no gas appeared before the throat of t lie nozzle and a signifi- 
cant volume ot gas appeared downstream in the sudden expansion region. 

The throat pressure was much higher, about 0.b5 MPa. With a nitrogen con- 
centration of only 0.02 cc/g the same flow rate and pressure profile 
occurred, except that the region downstream of the throat had only a small 
amount of gas. The throat pressure was slightly different at 0.53 MPa. 

In both cases, however, this nozzle also acted choked and the flow rate 
could be computed on the basis of AP * P 0 - P t . 

Although the flow rates could be computed directly t rom the AP , the 
throat pressure could not be predicted from some obvious trend in the data. 
Consequently the flow rates could not be predicted. 
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Figure 5. - Flow rig visual test section. Figure 6. - Influence of depressurization rate on bubble population at various 

pressure levels. <C N - 0.61 cc/gm. saturated.) 
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Figurp 7. - Influence of depressurization rate on bubble population at various 
pressure levels. (C^ -0.57cc/qm.) 
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Figure 8. - HrO/N 2 choked flow. Conical axisymr etric converging-diverging nozzle. 
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Figure 9. - H^O/N^ maximum flow rates. Conical axisymmelric converging-diverging nozzle. 
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Figure 10. - choked flow lineal two-din ension.i’ visual converging nozzle. 
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